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elastic vibration dampers operatively interposing the fan
spinner and the fan disk. The elastic vibration dampers may
be disposed circumferentially around an interface between
the fan spinner and the fan disk and may be compressed
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1
DAMPERS FOR FAN SPINNERS OF
AIRCRAFT ENGINES

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 61/637,537, filed Apr. 24, 2012, which is
incorporated by reference in its entirety.

BACKGROUND

The subject matter disclosed herein relates generally to
turbofan engines and, more particularly, to dampers for fan
spinners of fan modules of turbofan engines for aircraft.

Some turbofan engines may include a fan spinner disposed
upstream of a fan disk. The fan spinner may be mounted to the
fan disk by a fan spinner support.

The problem: In some configurations, relative vibratory
motion between the fan spinner and the fan disk may contrib-
ute to vibration-induced, high-cycle fatigue cracking of the
fan spinner support.

BRIEF DESCRIPTION OF THE INVENTION

Solutions for the above-mentioned problem are provided
by example embodiments of the present disclosure.

Some example gas turbine engines according to at least
some aspects of the present disclosure may include a fan
spinner; a fan disk; and/or an elastic vibration damper dis-
posed within an interior of the fan spinner and/or operatively
interposing the fan spinner and the fan disk. The elastic vibra-
tion damper may contact the fan spinner forward of an aft
edge of the fan spinner.

Some example fan modules for gas turbine engines accord-
ing to at least some aspects of the present disclosure may
include a fan disk; a plurality of fan blades mounted to the fan
disk and extending radially therefrom; a fan spinner opera-
tively coupled to the fan disk at an axially upstream position;
and/or one or more elastic vibration dampers operatively
interposing the fan spinner and the fan disk. The one or more
elastic vibration dampers may be disposed circumferentially
around an interface between the fan spinner and the fan disk
forward of an aft edge of the fan spinner and/or within an
interior of the fan spinner.

Some example methods of assembling a fan module
according to at least some aspects of the present disclosure
may include coupling a fan spinner to a fan disk using at least
one fastener; and/or compressing at least one elastic vibration
damper operatively disposed between the fan spinner and the
fan disk forward of an aft edge of the fan spinner and/or within
an interior of the fan spinner by tightening at least one fas-
tener.

The foregoing brief description is illustrative only and is
not intended to be in any way limiting. In addition to the
illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will
become apparent by reference to the drawings and the fol-
lowing detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments are described herein with reference
to the drawings, in which:

FIG. 1 is a cross section view of an example gas turbine
engine;
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2

FIG. 2 is a detailed cross section view of an example
interface between a fan disk and a fan spinner including an
elastic vibration damper;

FIG. 3 is a detailed cross section view of an alternative
example interface between a fan disk and a fan spinner includ-
ing an elastic vibration damper;

FIG. 4 is a perspective view of an example fan spinner
including a plurality of elastic vibration dampers;

FIG. 5 is a detailed cross section view of an alternative
example interface between a fan disk and a fan spinner includ-
ing a full ring elastic vibration damper; and

FIG. 6 is a perspective view of an example fan spinner
including a full ring elastic vibration damper, all in accor-
dance with at least some aspects of the present disclosure.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings, which form a part hereof. In the
drawings, similar symbols typically identify similar compo-
nents, unless context dictates otherwise. The illustrative
embodiments described in the detailed description, drawings,
and claims are not meant to be limiting. Other embodiments
may be utilized, and other changes may be made, without
departing from the spirit or scope of the subject matter pre-
sented here. It will be readily understood that the aspects of
the present disclosure, as generally described herein, and
illustrated in the figures, can be arranged, substituted, com-
bined, and designed in a wide variety of different configura-
tions, all of which are explicitly contemplated and make part
of this disclosure.

The present disclosure includes, inter alia, turbofan
engines and, more particularly, dampers for fan spinners of
fan modules of turbofan engines for aircraft.

FIG. 1 is a cross section view of an example gas turbine
engine (GTE) 10, according to at least some aspects of the
present disclosure. GTE 10 may include, in a serial flow
relationship from forward to aft, a fan module 12 comprising
a fan 13, a low pressure compressor 14, a high pressure
compressor 16, a combustor 18, a high pressure turbine 20,
and/or a low pressure turbine 22, all of which may be disposed
about an engine axis 24. As used herein with reference to GTE
10 and/or various components thereof, “axial” and/or “radial”
may generally be understood with reference to engine axis 24.
Generally, fan 13 and/or low pressure compressor 14 may be
driven by low pressure turbine 22 and/or high pressure com-
pressor 16 may be driven by high pressure turbine 20.

In some example embodiments according to at least some
aspects of the present disclosure, fan module 12 may com-
prise a fan disk 26 to which one or more fan blades 28 may be
mounted. A fan spinner 30, which may be generally conical,
may be releasably mounted to fan disk 26. One or more elastic
vibration dampers 100 may operatively interpose fan spinner
30 and fan disk 26. Generally, elastic vibration dampers 100
may be comprised of composite and/or rubber materials.

FIG. 2 is a detailed cross section view of an example
interface between fan disk 26 and fan spinner 30 including
elastic vibration damper 100, according to at least some
aspects of the present disclosure. FIG. 2 illustrates an
example embodiment in which elastic vibration damper 100
is squeezed generally axially between fan spinner 30 and fan
disk 26. Fan spinner 30 may be mounted to fan disk 26 by a
fan spinner support 32. For example, fan spinner support 32
may extend generally axially between fan disk 26 and fan
spinner 30, generally axially within an interior 33 of fan
spinner 30. Fan spinner support 32 may be coupled to fan disk
26 and/or fan spinner 30 by one or more fasteners, such as bolt
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34 and/or bolt 36. Fan spinner support 32 may provide a
substantially rigid connection between fan spinner 30 and fan
disk 26. In some example embodiments, elastic vibration
damper 100 may contact fan spinner 30 forward of an aft edge
31 of fan spinner 30. In some example embodiments, elastic
vibration damper 100 may be disposed within interior 33 of
fan spinner 30.

In some example embodiments according to as least some
aspects of the present disclosure, elastic vibration damper 100
may be operatively disposed between fan disk 26 and fan
spinner 30 at a position generally radially outward from fan
spinner support 32. For example, elastic vibration damper
100 may be disposed on a generally circumferential ring 38
on a radially internal surface of fan spinner 30. Elastic vibra-
tion damper 100 may extend generally axially aft from ring 38
and/or may contact fan disk 26, such as a generally forwardly
extending projection, such as disk post 40. Elastic vibration
damper 100 may be at least partially compressed between
ring 38 and disk post 40. As a result, elastic vibration damper
100 may operate to oppose relative displacement of fan spin-
ner 30 towards fan disk 26.

FIG. 3 is a detailed cross section view of an example
interface between fan disk 26 and fan spinner 30 including
elastic vibration damper 200, according to at least some
aspects of the present disclosure. FIG. 3 illustrates an
example embodiment in which elastic vibration damper 200
is squeezed generally radially between fan spinner 30 and fan
disk 26. Generally similar to the example embodiment
described above with reference to FIG. 2, fan spinner 30 may
be mounted to fan disk 26 by fan spinner support 32. For
example, fan spinner support 32 may extend generally axially
between fan disk 26 and fan spinner 30, generally axially
within fan spinner 30. Fan spinner support 32 may be coupled
to fan disk 26 and/or fan spinner 30 by one or more fasteners,
such as bolt 34 and/or bolt 36. Fan spinner support 32 may
provide a substantially rigid connection between fan spinner
30 and fan disk 26. Elastic vibration damper 200 may be
disposed circumferentially around an interface between fan
spinner 30 and fan disk 26 forward of aft edge 31 of fan
spinner 30 and/or within interior 33 of fan spinner 30.

In some example embodiments according to as least some
aspects of the present disclosure, elastic vibration damper 200
may be operatively disposed between fan disk 26 and fan
spinner 30 at a position generally radially outward from fan
spinner support 32. For example, elastic vibration damper
200 may be disposed on an internal face 42 of fan spinner 30.
Elastic vibration damper 200 may extend generally radially
inward from internal face 42 and/or may fan disk 26, such as
a generally forwardly extending projection, such as disk post
40. Elastic vibration damper 200 may be at least partially
compressed between internal face 42 and disk post 40. As a
result, elastic vibration damper 200 may operate to oppose
relative displacement of fan spinner 30 towards fan disk 26.

FIG. 4 is a perspective view of example fan spinner 30
including a plurality of elastic vibration dampers 100, accord-
ing to at least some aspects of the present disclosure. The
plurality of elastic vibration dampers 100 may be disposed
circumferentially around fan spinner 30, such that they opera-
tively interpose fan spinner 30 and fan disk 26 when fan
module 12 is assembled. When fan module 12 is assembled,
elastic vibration dampers 100 may be disposed generally
circumferentially around the interface between fan spinner 30
and fan disk 26. Some example embodiments may include
about 24 elastic vibration dampers 100. More or fewer damp-
ers may be used.

FIG. 5 is a detailed cross section view of an alternative
example interface between a fan disk 126 and a fan spinner
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130 including a full ring elastic vibration damper 300, accord-
ing to at least some aspects of the present disclosure. FIG. 5
illustrates an example embodiment in which elastic vibration
damper 300 is squeezed generally axially between fan spin-
ner 130 and fan disk 126. Fan spinner 130 may be mounted to
fan disk 126 by a fan spinner support 132. For example, fan
spinner support 132 may extend generally axially between
fan disk 126 and fan spinner 130, generally axially within an
interior 133 of fan spinner 130. Fan spinner support 132 may
be coupled to fan disk 126 and/or fan spinner 130 by one or
more fasteners, such as bolt 134 and/or bolt 136. Fan spinner
support 132 may provide a substantially rigid connection
between fan spinner 130 and fan disk 126. In some example
embodiments, elastic vibration damper 300 may contact fan
spinner 130 forward of an aft edge 131 of fan spinner 130.

In some example embodiments according to as least some
aspects of the present disclosure, elastic vibration damper 300
may be operatively disposed between fan disk 126 and fan
spinner 130 at a position generally radially outward from fan
spinner support 132. For example, elastic vibration damper
300 may be disposed on a generally circumferential ring 138
on aradially internal surface of fan spinner 130. Elastic vibra-
tion damper 300 may extend generally axially aft from ring
138 and/or may contact fan disk 126, such as a generally
forwardly extending projection, such as disk post 140. Elastic
vibration damper 300 may be at least partially compressed
between ring 138 and disk post 40. As a result, elastic vibra-
tion damper 300 may operate to oppose relative displacement
of fan spinner 130 towards fan disk 126.

FIG. 6 is a perspective view of an example fan spinner
including a full ring elastic vibration damper 300, according
to at least some aspects of the present disclosure. Elastic
vibration damper 300 may comprise a substantially full ring
circumferentially disposed against fan spinner 130, such that
elastic vibration damper 300 operatively interposes fan spin-
ner 130 and fan disk 126 when the fan module is assembled.
As used herein, “full ring” may refer to a ring that is substan-
tially continuous, which may or may not include one or more
breaks or discontinuities comprising a small fraction of its
total circumference.

It is within the scope of the disclosure to use a full ring
elastic vibration damper (e.g., FIG. 6) arranged for generally
radial compression between the fan spinner and the fan disk
(e.g., FIG. 3).

In some example embodiments according to at least some
aspects of the present disclosure, various materials (e.g., com-
posite and/or rubber or rubber-like) materials providing desir-
able characteristics may be used to construct elastic vibration
dampers 100, 200, 300. For example, elastic vibration damp-
ers 100, 200, 300 may comprise one or more of the following:
fluorosilicone rubber (FVMQ) (e.g., having a durometer of
about 70), silicone rubber (VMQ), fluorocarbon rubber
(FKM), perfluorinated elastomer (FFKM), tetrafluoroethyl-
ene/propylene rubber (FEPM), ethylene propylene diene rub-
ber (EPDM), nitrile rubber (NBR and/or HNBR), and/or
butyl rubber (IIR), as well as fiber and/or particulate rein-
forced compositions of such materials.

In some example embodiments according to at least some
aspects of the present disclosure, composite/rubber elastic
vibration dampers 100, 200, 300 may limit vibration at most
engine speeds. For example, elastic vibration dampers 100,
200, 300 may reduce and/or limit relative displacement
between fan spinner 30, 130 and fan disk 26, 126, thus reduc-
ing the risk of failure of fan spinner support 32, 132. Some
example embodiments may reduce or prevent high cycle
fatigue cracking (e.g., vibration induced) of spinner support
32, 132, which may result in high engine vibration levels.
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Generally, some example embodiments according to at least
some aspects of the present disclosure may eliminate a failure
mode and/or may improve service life of gas turbine engine
10 and/or fan module 12.

An example method of assembling a fan module according
to at least some aspects of the present disclosure may include
one or more of the following operations: coupling fan spinner
30, 130 to fan disk 26, 126 using at least one fastener (e.g.,
bolt 34, 134); and compressing at least one elastic vibration
damper 100, 200, 300 operatively disposed between fan spin-
ner 30, 130 and fan disk 26, 126 forward of an aft edge 31,131
of fan spinner 30, 130 and/or within an interior 33, 133 of fan
spinner 30, 130 by tightening the at least one fastener (e.g.,
bolt34,134). For example, elastic vibration damper 100, 200,
300 may be compressed at least about 5% during assembly.

Some example methods according to at least some aspects
of the present disclosure may include, prior to coupling fan
spinner 30, 130 to fan disk 26, 126, placing the at least one
elastic vibration damper 100, 200, 300 between fan spinner
30, 130 and fan disk 26, 126. Some example methods may
include placing a plurality of the elastic vibration dampers
100, 200, 300 circumferentially around an interface between
fan spinner 30, 130 and fan disk 26, 126. Some example
methods may include disposing the plurality of elastic vibra-
tion dampers 100, 200, 300 on fan spinner 30, 130 and dis-
posing fan spinner 30, 130 on fan disk 26, 126.

Some example methods according to at least some aspects
of'the present disclosure may include compressing the at least
one elastic vibration damper 100, 300 in a generally axial
direction. Some example methods according to at least some
aspects of the present disclosure may include compressing
the at least on elastic vibration damper 200 in a generally
radial direction.

Some example methods may include, prior to coupling fan
spinner 30, 130 to fan disk 26, 126, mounting at least one fan
blade 28 to fan disk 26, 126.

This written description uses examples to disclose the
invention, including the best mode, and also to enable any
person skilled in the art to practice the invention, including
making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention
is defined by the claims, and may include other examples that
occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims if they have
structural elements that do not differ from the literal language
of'the claims, or if they include equivalent structural elements
with insubstantial differences from the literal languages of
the claims.

What is claimed is:

1. A gas turbine engine comprising:

a fan spinner;

a fan disk; and

an elastic vibration damper disposed within an interior of

the fan spinner and operatively interposing the fan spin-
ner and the fan disk;

wherein the elastic vibration damper contacts the fan spin-

ner forward of an aft edge of the fan spinner and is
squeezed generally radially between the fan spinner and
the fan disk.

2. The gas turbine engine of claim 1, wherein the elastic
vibration damper is squeezed generally axially between the
fan spinner and the fan disk.

3. The gas turbine engine of claim 1, further comprising a
plurality of the elastic vibration dampers disposed circumfer-
entially around an interface between the fan spinner and the
fan disk.
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4. The gas turbine engine of claim 1, wherein the elastic
vibration damper comprises fluorosilicone rubber.

5. The gas turbine engine of claim 1, wherein the elastic
vibration damper comprises one or more of silicone rubber,
fluorocarbon rubber, perfluorinated elastomer, tetratluoroet-
hylene/propylene rubber, ethylene propylene diene rubber,
nitrile rubber, or butyl rubber.

6. The gas turbine engine of claim 1, wherein the elastic
vibration damper comprises one or more of a fiber or a par-
ticulate reinforcement.

7. A fan module for a gas turbine engine, the fan module
comprising:

a fan disk;

aplurality of fan blades mounted to the fan disk and extend-

ing radially therefrom;

a fan spinner operatively coupled to the fan disk at an

axially upstream position; and

one or more elastic vibration dampers operatively interpos-

ing the fan spinner and the fan disk, the one or more
elastic vibration dampers being disposed circumferen-
tially around an interface between the fan spinner and
the fan disk forward of an aft edge of the fan spinner and
within an interior of the fan spinner;

wherein the one or more elastic vibration dampers are

squeezed generally radially between the fan spinner and
the fan disk.

8. The fan module of claim 7, wherein the one or more
elastic vibration dampers are squeezed generally axially
between the fan spinner and the fan disk.

9. The fan module of claim 7, wherein the one or more
elastic vibration dampers comprises 24 elastic vibration
dampers.

10. The fan module of claim 7, wherein the one or more
elastic vibration dampers comprises a substantially full ring
elastic vibration damper.

11. The fan module of claim 7, wherein the one or more
elastic vibration dampers are arranged to oppose relative dis-
placement of the fan spinner towards the fan disk.

12. The fan module of claim 7,

further comprising a fan spinner support substantially rig-

idly coupling the fan spinner to the fan disk;

wherein the fan spinner support is disposed radially inward

from the one or more elastic vibration dampers.

13. A method of assembling a fan module, the method
comprising:

coupling a fan spinner to a fan disk using at least one

fastener; and

partially compressing at least one elastic vibration damper

operatively disposed between the fan spinner and the fan
disk forward of an aft edge of the fan spinner and within
an interior of the fan spinner by tightening the at least
one fastener;

wherein partially compressing the at least one elastic vibra-

tion damper comprises compressing the at least on elas-
tic vibration damper in a generally radial direction.

14. The method of claim 13, further comprising, prior to
coupling the fan spinner to the fan disk, placing the at least
one elastic vibration damper between the fan spinner and the
fan disk.

15. The method of claim 14, wherein placing the at least
one elastic vibration damper between the fan spinner and the
fan disk comprises placing a plurality of the elastic vibration
dampers circumferentially around an interface between the
fan spinner and the fan disk.

16. The method of claim 15, wherein placing the plurality
of the elastic vibration dampers circumferentially around an
interface between the fan spinner and the fan disk comprises
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disposing the plurality of elastic vibration dampers on the fan
spinner and disposing the fan spinner on the fan disk.

17. The method of claim 13, wherein partially compressing
the at least one elastic vibration damper comprises compress-
ing the at least one elastic vibration damper in a generally 5
axial direction.
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